ABSTRACT: In this paper diamond wire cutting method has been proposed to cut the rock in the tunnel face. Diamond wire saw method could cut the rock from tunnel face with very minor vibration and noise. In this study rock cutting process has been simulated with FEM method by using LS-DYNA explicit non-linear finite element code. Normal load act as an prime factor when cutting the rock surface. For observing the effect of normal load on bead, several experiments has been conducted by varying normal loads on the bead. From each experiment, cutting rate has been calculated to compare the cutting rate with different load conditions. By increasing the normal load on bead, cutting rate increases drastically.
Introduction
The demands on underground infrastructure like subway tunnels, highway tunnels, railroad tunnels, water tunnels, access tunnels, and other types of tunnels are increasing these days for urbanization.
The most common method for tunnel construction is drilling and blasting. This method produced noise and ground vibration, which could spread to the surrounding surface. Ground vibration could cause damage to the surrounding structures or ground displacement (Gustafsson N., 2011) . Thus, it is necessary to control the ground vibration in some sensitive areas, where construction takes place near to another existing infrastructures.
Diamond wire cutting method has been traditionally used in natural stone quarries (Yilmazkaya, 2007) , but not so much in the tunnelling project. This method could be used with the conventional tunnelling method to perform the control blasting in the tunnel face, thus the total amount of vibration can be reduced. In this paper a 2D model has been adopted to simulate the rock cutting process. A single bead has been modelled to perform the cutting process. Thus, instead of wire tension as like in the real case, normal load has been applied to the bead to simulate the effect of wire tension on the cutting process of rock mass.
Boundary Conditions and Modeling Details
The aim of this study is to observe the rock cutting process by a single bead. In the laboratory experiment, the wire tension is one of the important factors for For the modelling, plain strain method on x-y plane has been used for element formulation. 2D quadrilateral shell element has been implemented for both parts in this experiment.
There are two parts performed in this experiment.
The bead, which is 10 mm in length and 2.5 mm in height except the diamond grits part (see Fig. 2(a) ).
The diamond grits are approximately 0.3 mm each. Fig. 2(a) shows the geometric model of the bead. Fig. 2(b) shows the schematic view of a real bead.
In this Fig. 2(b) we can observe that the bead is placed on a steel cable, and the bead itself is a steel ring. The diamond grits are placed on the surface of that steel ring as in the Fig. 2(b) . This diamond grits are the most important part of the diamond wire by Lemaitre (Hallquist, 2006) . The effective stress σ˜, which is the stress calculated over the section that effectively resist the forces and reads.
Continuum Damage Mechanics model has proposed
where D is the damage variable. The evolution equation for the damage variable is defined as
where   is the damage thereshold, Y is a positive material constant, S is the strain energy release rate, and   is the maximal principal stress.
The strain energy density release rate is
when   is the equivalent von Mises stress.
The triaxiality function   is defined as
where   is hydrostatic stress or pressure and   is the equivalent von-Mises stress.
Mat_105 is account for strain rate effects by using
Cowper-Symonds strain model, which scales the yield stress with the factor
where   is the initial yield stress,   is the strain rate, which can define by           . C and P are
Cowper-Symonds strain parameters. In addition, the damage parameters were user defined values and calibrated by trial and error process, such that the performance of the rock cutting simulation appeared resonable and the mechanisms involved were close to reality.
Numerical Results
The bead travels through the rock surface with given velocity and load. In the field experiment, the load is likely to come from the tension of the wire.
As in this experiment, only a single bead has been used, thus the load has given as an input to the bead.
Initially the bead has been placed on the top of the rock surface as shown in Fig. 4 . 25 m/s velocity has given to the bead to travel through the rock surface.
The velocity data have been collected from the field experiment. For the first experiment, the bead load has been given as 100 N towards the negative Y-axis.
With the velocity, when the bead traveled through the rock surface, due to the load, the bead has made From all the analysis, we could observe that the bead load plays an important role to cut the rock surface. As we increase the bead load, the travel time of the bead decreased as well as increased the rock cutting rate. Fig. 10 shows the increase of the cutting rate with different load conditions. Table 2 summarizes the experiments has been completed in this paper.
Conclusion
Each simulation in this paper shows the rock cutting This study is the part of an ongoing project work.
Field experiment were also performed with different rock cutting process. This paper presented cutting process with one bead model. In future, the simulation model is expected to develop to obtain the results as closely as possible with the field experiment.
